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r a d i o e e s s i o n  i n  t h e  ionosphere i n  t h e  f r equenc ie s  of  13,  18.6 
and 25? mc/s accord ing  t o  obse rva t ions  conducted i n  Yevpator ia  

and Gor'kiy dur ing  t h e  per iod  o f  ' the February 15, 1961 s o l a r  

e c l i p s e  . 
COVER-TO-COaR TRANSLATION 

: 
Up t o  t h e  p r e s e n t  time .da ta  on ionosphere behavior  

du r ing  s o l a r  e c l i p s e s  were b a s i c a l l y  obtail ied by tiay of  measu- 

rement of  ionosphere c r i t i c a l  f r equenc ie s  and of  abso rp t ion  bf  

i onosphe re - r e f l ec t ed  radiowaves [l , 2) . The development 9f t h e  

rad ioas t ronomica l  method of ionosphere i n v e s t i g a t i o n s  allowed 

i t s  a p p l i c a t i o n  i n  t h e  present  work f o r  t h e  d e t e r n i n a t i o n  of  

radiowave abso rp t ion  i n  t h e  ionosphere dur ing  a solar e c l i p s e .  

One of  t h e  m e r i t s  o f  t h e  rad ioas t ronomica l  method is the  poss i -  

b i l i t y  of  o t a i n i n g  informat ion  o n t t h e  v a r i a t i o n  of  abso rp t ion  

i n  t h e  whole ionosphere th i ckness ,  i n c l u d i n g  t h e  r eg ion  above 

t h e  F2-layer maximum, which is i n a c c e s s i b l e  f o r  p u l s e  measurements. 



* C  2. 

A t  t h e  same t ime,  j o i n t  measurements by r ad ioas t ronondca l  and 

p u l s e  methods allow i n  p r i n c i p l e  t h e  e s t i m a t e  o f  t h e  c o n t r i b u t i o n  
t o  t h e  t o t a l  abso rp t ion  by r eg ions  above t h e  F2-layer m a x i m u m  [3]. 

L 

. .-- 

Observa t ions  conducted du r ing  t h e  pe r iod  of  t h e  s o l a r  

e c l i p s e  of February 1961 i n  Yevpatoriya (Grimea) and Gor'lriy had 

t h e  fo l lowing  ass igned  f i x e d  f requencies  : 

i n  Yevpator ia ,  and 25 and 13 mc/s i n  Gor'kiy.  As far z+s we know, 

no similar obse rva t ions  were c a r h e d  ou t  d u r i n g  t h e  preceding  

e c l i p s e s .  The aim of  the  c u r r e n t  obse rva t ions  c o n s i s t e d  i n  d e t e c t -  

i n g  t h e  e f f e c t  o f  abso rp t ion  decrease of  cosmic r a d i o  emsis ion i n  

t h e  ionosphere,  caused by t h e  s o l a r  e c l i p s e ,  and i n  a t t empt s  t o  

d i f f e r e n t i a t e  t h e  abso rp t ion  by t h e  ionosphere l a y e r s  I d e n t i c a l  

i n s t r u m e n t a t i o n  was used i n  both,  Evpa to r iya  and Gor'kiy du r ing  

measurements at all f requencies  The r e c e i v i n g  antennas c o n s i s t e d  

o f  s i x  wave v i b r a t o r s  and had r a d i a t i o n  p a t t e r n s  whose m a x i m a  
were d i r e c t e d  toward the  zen i th ,  while t h e  width a t  t h e  half-power 

l e v e l  c o n s t i t u t e d  30°. The rece iver -ampl i f ied  s i g n a l  w a s  fed  t o  

a q u a d r a t i c  d e t e c t o r  and the  p u l s e , n o i s e  l i m i t e r ,  and then  i t  w a s  
r e g i s t e r e d  by t h e  se l f - r eco rd ing  device.  

25, 18.6 and 13  mc/s 

I 

Because t h e  z e n i t h a l  angle of t h e  Sun dur ing  t h e  e c l i p s e  

w a s  s u b s t a n t i a l l y  d i f f e r e n t  from ze ro ,  t h e  m a x i m u m  e c l i p s e  phases 

were d i f f e r e n t  at va r ious  a l t i t q d e s  . I n  Yevpator iya,  t h e  ionosphere  

r e g i o n ,  through which passed t h e , r e c e i v e d  r a d i o  e n i s s i o n ,  Y J ~ B  i n  L. 

t h e  t o t a l  e c l i p s e  co-?di t ions a t  t h e  D-layer l e v e l .  The p o r t i o n  o f  

t h e  ionosphere a t  t h e  F-layer h e i g h t  WEIS under  cond i t ions  of  par- 
tial e c l i p s e  with a maximal phase equal  t o  0.94. I n  Gor1lr%y, t h e  

s o l a r  e c l i p s e  w a s  p a r t i a l  i n  the  F- as w e l l  as t h e  D-layer, wxth 
m a x i m a l  phases r e s p e c t i v e l y  equal  t o  0.86 and 0.92. 

Observat ions were c a r r i e d  ou t  i n  both ,  Gor 'kig and Yevpa- 

t o r i y a ,  du r ing  10  - 1 2  days p r i o r  and a f t e r  t h e  e c l i p s e .  From t h e  

r eadou t s  ob ta ined ,  those  of  f i v e  days were chosen,  du r ing  which 

t h e  course o f  ionosphere Ftt-layerts c r i t i c a l  f r equenc ie s  d i f f e r e d  
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l i t t l e  from t h a t  of f 0 Q  dur ing  t h e  day o f  e c l i p s e  ( t h e  l a t t e r  

wero obta ined  accord ing  t o  d a t a  of K r A O  and N I R l ? I  i onosphe r i c  

s t a t i o n s ) ,  inasmuch cas t h e  d a i l y  v a r i a t i o n s  o f  c r i t i c a l  frequen- 

c i e s  of t h e  D- and E-layers  Rave a ao re  r e g u l a r  c h a r a c t e r ,  and 

a r e  b a s i c a l l y  deterrained by t h e  Sun's z e n i t h a l  angle .  Observa t ions  

du r ing  c o n t r o l  days allowed t o  de t e rn ine  w i t h  a s u f f i c i e n t  degree 

of  p r e c i s i o n  t h e  course o f  t h e  nqrmal unec l ip sed  level.  qf  c o s r i c  

r a d i o  emission du r ing  e c l i p s e  hours ,  from which l a t e r  t h e  e f f e c t  of 
ecl ipBe.was l a t e r  r ead  o f f .  For Yevpator iya t h e  curve o f  cosmic 

r a d i o  emission d i s t r i b u t i o n  i n  t h e  day of  e c l i p s e  ove r  p o r t i o n s  

p r i o r  and a f t e r  e c l i p s e  coincided we l l  wi th  t h e  average curve f o r  

c o n t r o l  days. 

6 

During t h e  day of  e c l i p s e  t h e  abso rp t ion  mas ve ry  weak 

i n  G o r f k i y  by comparison with the c o n t r o l  days,  and t h e  curve. o f  

d i s t r i b u t i o n  o f  r a d i o  emission co inc ided  n i t h  t h e  envelope of  all 
t h e  d i s t r i b u t i o n  curves o f  cosnic  r a d i o  emission. The read  o f f  

f o r  t h e  e c l i p s e  e f f e c t  was c a r r i e d  ou t  i n  that case  from t h e  enve- 

l o p e .  The p r e c i s i o n  of t h e  obtained data c'as determined by t h e  

s c a t t e r i n g  o f  c o n t r o l  p o i n t s  f o r  G i f f e r e n t  dags,  and by random 

e r r o r s  at f i n d i n g  t h e  i n t e n s i t y  o f  t h e  r ece ived  s i g n a l .  The m a x i -  

m u m  e r r o r  i n  t h e  de te rmina t ion  o f  absorptzon v a r i a t i o n  du r ing  t h e  

t i m e  of  e c l i p s e  d i d  no t  t h e n  exceed 0.1 db : I n  f a c t ,  i t  w a ~  l e s s .  

As a r e s u l t  of  processin$ c a r r i e d  o u t  oacording t o  t h e  t 

desc r ibed  method, ob ta ined  were curves c h a r a c t e r i z i n g  t h e  v a r i a t i o n  

i n  t h e  abso rp t ion  of  cosmic rad io  einission du r ing  t h e  e c l i p s e  per iod .  * 
. I n  t h e  F i g . l a  n e x t  page p l o t t e d  a r e  t h e  curves  c b t a i n e d  

through Observat ions i n  Yevpatoriya,  and i n  t h e  F ig .1  . -  t h e  curve 

f o r  Gor 'kiy i n  t h e  13 mc/s frequency, r e p r e s e n t i n g  t h e  d i f f e r e n c e  

between t h e  normal and t h e  ec l ip sed  abso rp t ion  l e v e l s  ( t h e  t i m e  

b e i n g  t h e  Moscow t i n e ) .  The e f f e c t  o f  t h e  e c l i p s e  i n  t h e  25 mc/s 
frequency was not d e t e c t e d  i n  Gorlkiy wi th  9 p r e c i s i o n  t o  expe r i -  

mental  e r r o r s  
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Place  
of  

Observat ions 

Compiled a r e  i n  t h e  Table t h e  c juant i t ies  o f  naxinum 
abnorpt ion  decrease,  of  m a x i m u m  phaoes of  eclipee a t  D and F- 
l a y e r  l e v e l s  of t h e  ionosphere ,  and t h e  va lues  of t h e  c o s i n e s  

of Sun's z e n i t h a l  ang le s  f o r  Yevpator iya  a n d  C o r f k i y .  

M a x i m u m  

Phase 
-ATrmax 86 Coordinates  

of t h e  
p o i n t s  o f  c OS'$. 

Sun's 

Yevpator ia  

Gor ' k i y  

Observat ion 

rp x 13 mc/s 18.6 25mc, D' F2 

45O15' 2 h 13' 0.44 0.48 0.32 0.2 1 0.94 
56'091 2 h  57' 0.35 0.35 - ? 0.92 0.26 

Fig.  1 
* 

Curves of  F igures  1 a and 6 S ~ O V  t h a t  t h e  m c u i m u m 7 0 f  

a b s o r p t i o n  decrease  is s h i f t e d  by s e v e r a l  minutes r e l a t i v e  t o  

t h e  moxent o f  t h e  maxinum phase of  t h e  e c l i p s e .  The nagni tude  

b 1 

of  t h i s  r e t a r d a t i o n  is c lose  t o  r e l a x a t i o n  time o f  p rocesses  i n  

t h e  ionosphere at t h e  l e v e l  of D-layer. For  t h e  curves ob ta ined  

i n  Yevpator iya (Fig. l a ) , t h c  preseqce o f  a second m a x i m u m  is 
c h a r a c t e r i s t i c ,  which is s i g n i f i c a n t l y  s m a l l e r  than  t h e  m a x i m u m  

L 
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s h i f t e d  r e l a t i v e  t o  the  f i r s t  one by a time of  t h e  o r d e r  of 30 
min. The j u x t a p o s i t i o n  of t h e  curves prcsented  i n  FiK.1 a, wit2  
t h e  map o f  t h e  Sun f o r  t h e  per iod o f  e c l i p s e  has  shown, t h a t  no 

v i s i b l e  formations of any k i n d  mere observed i n  t h e  s o l a r  d i s k ,  

t h a t  could e x p l a i n  the  appearance o f  t h e  second naximum i n  t h a t  

per iod .  It is most l i k e l y  t h a t  the second maximum i n  t h e  curves  

o f  Fig.  l a  is r e l a t e d  t o  absorp t ion  v a r i a t i o n  i n  t h e  F,-layer, 

where t h e  r e l a x a t i o n  time is cons iderably  g r e a t e r  thm i n  t h e  

D-layer. I n  connect ion with t h a t  it i s  i n t e r e s t i n g  t o  no te  th-at 

t h e  minimum of  t h e  c r i t i c a l  frequency f F2 f o r  Moscow [3] and 

f o r  Gor'kiy c4] is a l s o  d isp laced  r e l a t i v e  t o  t h e  maximum va r i a -  

t i o n  of  t h e  c r i t i c d l  frequency of t h e  E-layer .  I n  n e a r l y  co inc ides  

i n  time with t h e  m a x i m u m  phase of t h e  e c l i p s e .  

f 

0 

The comparison of  d a t a  obtained i n  Yevpatoriya and Gor 'k iy  

shows t h a t  t h e  r a t i o  of maximum abso rp t ion  v a r i a t i o n s  approximate- 

l y  correzponds t o  t h a t  Sun ' s  z e n i t h a l  ang le s '  cos ines  a t  i n d i c a t e d  

p o i n t s .  I n  our  opin ion ,  all t h i s  a t t e s t s  t o  t h e  f a c t  t h a t  du r ing  

t h e  pe r iod  of e c l i p s e  o f  15 Februarg 1961 t h e  v a r i a t i o n  of  e l e c t r o n  

concen t r a t ion  a t  t h e  D-layer l e v e l  v r a s  b a s i c a l l y  r e spons ib l e  f o r  

t h e  abso rp t ion  v a r i a t i o n  ( p a r t j c u l a r l y  a t  t h e  moixnts o f  time c l o s e  

t o  t h e  m a x i , m m  phase of t h e  e c l i p s e ) .  The -presence o f  t h e  second 

maxinun on t h e  curves of  Fig.  la , ,vLiich co inc ides  i n  t i m e  with t h e  

minimum o€ t h e  c r i t i c d  frequency.of  foF2 agpa ren t ly  p o i n t s  t o  a 
c e r t a i n  v a r i a t i o n  of abso rp t ion  du- 

r i n g  t h e  pe r iod  of  e c l i p s e  and &so /'A 
i n  t h e  F-lLyer. - 

'io es t ima te  t he  r e l a t i v e  

maTnitude of  abso rp t ion  v a r i a t i o n  

ciurin,? t h e  e c l i p s e  by t h e  ttvo-fre- 

quency method [SI, vie c o q u t e d  t h e - .  hPues 

. FIG. 2 d a i l y  course of  abso rp t ion  f o r  Yevpn- 

t o r i y a  at' f r equenc ie s  o f  13 and 1S.G mc/s. It i s  p l o t t e d  i n  l i g .  2, 

acco rd ing  t o  which t h e  maximum absorpti,, . ,  decrease  du r ing  t h e  e c l i p s e  
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p c r i o d  c o n s t i t u t c d  on ly  20 - 30  p e r c e n t  ol” t h e  t o t ? l  absori; l ion 

at t h a t  t i n c  (an an&oC;ur; t i t u a t i o n  b i a s  obzcrvcd in Gor’!Ay),  

I f  vJe c?S::u:.;e t h a t  durin,; tiic t i n e  o f  e c l i p s e  t h c  absor i l t ion  
c0cr;ic 

of t h e  obcerved/radio e x i s s i b n  i n  t h e  D-lnyer decre,med t o  v a l u e s  

n e a r  zero* , t h e  obta incd  d a t a  p c r n i t  t h e  assur;lp-iion t h a t  i n  u s u a l  

c o n d i t i o n s  radiowave abso ry t ion  i n  t h e  I - l a y e r  is  about  t h r e e  ti- 

mes g r e a t e r  t h a n  t h e  va lue  of  abtor::tion i n  the  D-layer o f  t h e  iono-  

s2he re .  These r s u l t s  agree  vrell w i th  t h e  conclus ions  reached  i n  

r e f e r e n c e s  [5, 63. 
In c o n c l u s i o i ,  t h e  au tho r  e x u r e z s  thei i -  g r a t i t u d e  t o  G. G. 

Getnantsev  f o r  h i s  a s c i s t a n c e  i n  c a r r y i n g  o u t  t h e  v;or!c, t o  t h e  

a s s i s t a n t s  having  p c r t i c i 9 z t e d  i n  t h e  o b s e r v a t i o n s ,  and a l s o  t o  

i1. A ,  Savich €or sup1l\-’ing data  on the  f,F2 c r i t i c a l  f r e c u e n c i e s  

i n  t h e  Yevpator iya  re,;ion. 

t 

T r a s l z t e d  by 12TDF3 L. BR1CHAW.P 

1 7  June 1962  

* T h i s  c m  be e n t i r e l y  e q e c t e d  for Yevpntoriya,  i n a s m c h  as 
t h e  e c l i p s e  nas he re  t o t a l  at t k e  l e v e l  of  t h e  9 - l a y e r  o f  t h e  
ionosnhe re .  
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